M
uch of the field of animal behaviour rests on experimental studies of the responses of animals to different classes of stimuli. Playback experiments, which compare responses of animals to tape recordings of different sounds, are a prime example. Consequently, the proper design of these experiments is central to the scientific study of animal behaviour. Over a decade ago, a discussion of the design of behavioural experiments focused on the problems of pseudoreplication (Kroodsma 1989a (Kroodsma , b, 1990 Searcy 1989; McGregor et al. 1992; Weary & Mountjoy 1992) , and a recent paper has reviewed subsequent progress in avoiding pseudoreplication in experimental studies of bird song (Kroodsma et al. 2001) .
In this context, pseudoreplication consists of repeatedly presenting the same stimulus, repeatedly using the same subject, or pooling the results from presentations of similar stimuli, all problems identified by Hurlbert (1984) in some ecological experiments. Kroodsma et al. (2001) advocate a nested analysis of variance (ANOVA) to avoid these problems of pseudoreplication. In the proposed design, each subject receives a single presentation and each exemplar of a stimulus is used only once. This proposed design implies that there is only one experimental design ideally suited for comparisons of responses to different stimuli.
My objective here is not to challenge nested ANOVA but to expand the discussion of behavioural experiments. To this end, I identify some compromises any experimenter must make in justifying the biological independence of subjects, the external validity of conclusions, the multiple use of exemplars and subjects, and the effects of sample size on unsuspected bias. These compromises make it less clear that any one design is universally optimal. In some circumstances, it is appropriate to use each exemplar more than once and to test each subject more than once. Although there is no ideal experimental design, I propose that there is an ideal way to report a behavioural experiment, one that explicitly identifies the compromises involved.
The experimental design for a nested ANOVA derives from Fisher's pioneering work in the first half of the 20th century, which now forms the basis for innumerable textbooks on statistics and experimental design. A simple experiment might compare responses of crops to two different treatments of fertilizer. For instance, higher levels of fertilizer might be applied to one set of plots and lower levels to another set. Fisher emphasized that the plots for each treatment should be assigned at random, so that the plots prior to treatment constitute a single population in a statistical sense. An ANOVA could then compare the variance in responses within treatments to the variance between treatments.
This design is, of course, also used for many experimental studies of responses to two classes of stimuli. In such a behavioural study, treatments might be different categories of songs presented by playback of tape recordings. Individual subjects hearing these playbacks are analogous to the plots of an agricultural study.
Even such simple experiments require attention to some basic issues, especially independence of subjects' responses, external validity, multiple use of exemplars and subjects, and sample size. A reconsideration of these issues leads to the conclusion that any experiment involves some critical compromises. There is no single ideal experimental design. Instead, the objective should be to identify and to justify the compromises.
Biological Independence of Responses
The simple playback experiment just described assumes that each subject's response is biologically independent. In other words, the responses of subjects do not influence each other. The same concern might apply to the Correspondence: R. H. Wiley, Department of Biology, University of North Carolina, Chapel Hill, NC 27599-3280, U.S.A. (email: rhwiley@email.unc.edu 
